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ABSTRACT
Background: Trypanosoma evansi is the etiologic agent of the equine trypanosomosis, a disease related to the detriment
of the extensive bovine farming in the Venezuelan grasslands. Even though macroscopic pathologies such as anemia, pale
mucosa, icteric tissues, generalized edema, splenomegaly, liver and renal hypertrophy, abortion, anoestrus, emaciation,
lymphadenopathies, striated muscle atrophy as well as epicardiac and endocardiac hemorrhages have been describedfor infections
with the agent, no  reports of any heart ultrastructural change in experimental or natural infections induced by Venezuelan T.
evansi isolates are available. This, a transmission electron microscopic approach to the problem was needed. This work describes
cell features of the cardiac myocyte and the cardiac microvasculature ultrastructure in mice experimentally infected with an
equine local isolate of T. evansi, also providing an account of the infection with the mice’s survival.
Material, Methods & Results: NMRI Mus musculus were inoculated with a Venezuelan T. evansi isolate derived from
a naturally infected Equus caballus. From day three post-infection, and every other day until the mice’s death, one rodent was
randomly sacrificed, the heart apex was isosmotically removed and cut in symmetrical blocks, which were fixed, post-fixed,
dehydrated, infiltrated, included, sectioned, contrasted and studied by means of transmission electron microscopy (TEM),
with the subsequent characterization of the cardiac myocyte and the cardiac microvasculature transformations. The evaluation
of the micrographs demonstrated ultrastructural time-increasing harmful mitochondrial alterations that included reduction in
the number of mitochondria per cell, decrease in mitochondrial dimensions and lessening of the number of cristae per
mitochondrion. Myofibrillar destruction, myofilament loss and atrophy were also evident. In addition, damaging augmentation
of the vascular endothelium thickness, appearance of abnormal endothelial projections and caveolae loss were incontestable
changes. The presence of trypanosomes in the lumen of the heart capillary system was indubitable; however, neither intra-
endothelial nor intra-cardiac myocyte parasites were observed; no inter-tissular parasites were found either.
Discussion: The ultrastructural modifications in the muscular heart tissue and in the heart capillaries of experimentally
infected mice with a Venezuelan isolate of T. evansi, derived from a feral domesticated E. caballus, were incontrovertible being
characterized by the deleterious gradual mitochondrial decline. In such a context, the close relationship between the
mitochondrion and the ribosome disposition is related to protein synthesis being associated to diverse functions and stress
reactions to non-proper substances like T. evansi, such circumstance could lead to cardiac myocyte mitochondrial deterioration.
Additionally, changes in the mitochondrial dimensions and/or the number of cristae/mitochondrion are related to the
mitochondrial enzyme activity. The myofilament loss and the myofibrillar destruction reported in this work could derive from
the capillary damage per se. The overexpression of serum deprivation protein response induces caveolae deformation and
endothelial cell membrane tubulation. The heart’s myodamage could be additionally caused by autoimmunity and/or electrolytic
unbalance induced by the trypanosome. The endothelial cell detriment could be the result of a distant effect of parasitic toxic
catabolites, intense edema, hypoxia and/or ischemia. The atrophy was put in evidence by a growing volume reduction as a
result of myofibril loss probably due to collateral ischemic and hypoxic mechanisms caused by the parasite. Furthermore, the
effect due to toxins could cause intramuscular microvasculature damage, hypoxia and fibrillar atrophy.The trypanosomes
were present in the cardiac capillary circulation, being able, as an inducible result of the liberation of active materials, to
provoke mononuclear and polymorphonuclear infiltration, contributing to the inflammatory response.The subcellular damage
in the cardiac myocites and in the cardiac microvascularure, along with the presence of trypanosomes in the coronary
circulation, and the lack of association between parasites and cardiac myocites or parasites and cardiac endothelial cells, are
attributes with a remarkable pathological meaning since it represents a non described phenomenon of gradual ultrastructural
change that take part of the events, resulting in the murine host death through a degenerative mechanism.
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INTRODUCTION
Trypanosoma evansi is the etiologic agent of
the equine trypanosomosis in the Venezuelan
savannas, an area with more than 230,000 Km2,
mostly used for extensive bovine production. Horses
are required to drive bovine herds; consequently, to-
tal or partial Creole feral domesticated horse disability
implies in losses in livestock production along with a
negative socioeconomic impact to the region [32].
T. evansi is an eurixenous parasite with a
diverse range of symptoms in the susceptible
mammalian hosts, including anemia, pale mucosal and
icteric tissues, generalized edema, splenomegaly, liver
and renal hypertrophy [4], abortion [19], and anoestrus
[27]. Additional harms also includes emaciation,
lymphadenopathies, striated muscle atrophy, and
epicardiac and endocardiac hemorrhages [1,2,7,12,40].
Even though the ultrastructural alterations
induced by Venezuelan T. evansi isolates have been
studied in the striated muscle of naturally infected
wild horses [30], as well as in the skeletal muscle [9],
liver [34,38], kidney [39] and adrenal gland [33] of
mice under experimental conditions, nothing is known
about its effects on the heart’s musculature.
This work aimed to describe findings in the
cardiac myocyte and cardiac microvasculature
ultrastructural alterations in mice experimentally
infected with an equine local isolate of T. evansi,
relating it to the experimental host death.
MATERIALS AND METHODS
A Trypanosoma evansi isolate derived from
a naturally infected Equus caballus [28] preserved in
liquid nitrogen1 [35] was inoculated in 30 sepsis,
protozoan-, fungus-, helminthes- and ectoparasites-
free outbred NMRI Mus musculus (Venezuelan
Institute of Scientific Investigations breeding), divided
in 3 groups of 10 mice each; one additional 10-mice
group was used as a control. Mice (@&; 20 gr body
weight) were maintained in plastic boxes (39 cm L ×
20 cm W × 24 cm H; 10 mice/box) rice husk bedding
(every other day change), reverse osmosis treated tap
water2, and commercial dried concentrate food3 (two
repositions/day), being husbanded in an environment
with continuous clean air flow supply, controlled
temperature (24-27ºC), and humidity (75-85%) with
12 h of LED day-light illumination. Mice were
intradermally injected with 1 blood-free DEAE-
cellulose4 column purified trypomastigote [16] per
gram of mouse body weight suspended in 0.15 ml of
the column’s elution buffer5 (2.7 mM potassium
chloride, 1.8 mM potassium phosphate, 137.0 mM
sodium chloride, 10.1 mM sodium phosphate, 55.6
mM glucose). Prior to the inoculation, the purified
trypanosomes were serially diluted in the elution buffer
until the desired concentration (20 trypanosomes/0.15
ml); identical control animals were inoculated in the
same conditions with T. evansi-free elution buffer.
From day 3 post-infection, and every other
day during 15 days (at day 17 all mice died because
of the T. evansi infection), one mouse from each
group was randomly selected and killed in a saturated
pure carbon monoxide6 chamber. By means of
surgical ablation, the heart was removed and placed
on a Petri dish containing Karnovsky [24] fixative
solution at 4°C, pH 7.4 and 320 mOsm. The heart’s
apex was excised and systematically sectioned in 2
mm3 blocks which were fixed during 5 min in
Karnovsky fixative, washed in Millonig buffer [23]
for 5 min and post-fixed in 1% osmium tetroxide [24]
for 60 min at the same temperature, pH and
osmolarity. Subsequently, sample tissues were
submerged in distilled water (15 min) and later
dehydrated in an ethanol series of increasing
concentrations: 50-70-90-95-100% (5 min each one
at 4ºC). After, the fragments were infiltrated with
propylene oxide (2 changes 15 min/each), propylene
oxide-epon7 (30 min), pure epon (4 changes of 30
min/each)[20] and included in epoxy resin (EMBed-
812, DDSA, NMA, DMP-30) for 48 h/60ºC. Diamond
knife8 cut ultrathin sections9 (60-80 nm) were put on
collodion covered10 300 mesh copper grids11 and
contrasted with uranyl acetate [42] and lead citrate
[31]. A transmission electron microscope12 (80 kV)
was used for observation and digital image recording.
All the experiments followed the guidelines
established in the guide for the care and use of
laboratory animals [15]. Experiments were repeated
three times with different mice and parasite batches.
RESULTS
No sign of ultrastructural change was
observed in the heart of the control mice (Figure 1A).
Noticeable, in addition, was the fact that mitochondria
had similar electron density.
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From day 3 post-infection, successive and
cumulative detrimental ultrastructural changes started
to emerge. The most remarkable signs were observed
in the cardiac myocite mitochondria, the myofibrillar
structure, including myofilament loss, and the
cardiac’s capillary endothelium.
The mitochondrial change involved a reduction
in the number of mitochondria per cell and a decrease
in the mitochondria dimensionality (Figure 1. B-D;
Figure2. C-D). The number of cristae per mitochondrion
also fell. Mitochondria presence in the subsarcolemmal
and intermyofibrillar spaces was evident (Figure 2D).
Intermyofibrillar autophagic vacuoles were likewise
evident. The disorganization of myofibrils caused
atrophy with an increment of subsarcolemmal and
intermyofibrillar spaces (Figure 1. B-D; Figure 2. C-
D). In some of those areas, swollen sarcotubular
elements were present (Figure 1. B-C), while in others,
such signs were absent (Figure 1. D). The basament
membrane was seen widened and electrondense in
some sections (Figure 2. D).
Intramuscular capillaries showed endothelial
cell cytoplasm with some widened areas, prolongations
into the lumen, loss of caveolae, and pinocytic vesicles
(Figure 1. C-D; Figure 2. A) exhibiting different degrees
of lumen obliteration (Figure 2. B & D) and
macrophages in the extracellular spaces (Figure 2. B).
The presence of the parasite was obvious in the lumen
of the intramuscular capillary system (Figure 2. C).
Figure 1. Ultrastructural change throughout the first week of
infection. A. Control. Black arrow: fascia adherens; arrowhead:
macula adherens; oval: caveolae with some elements of the
sarcoplasmic reticulum; white arrow: gap junction; star:
mitochondria (scale bar: 0.3 mm). B. Day third post-infection.
Oval: swollen mitochondrion; IC: intramuscular capillary;
arrowhead: part of a Rouge cell; stars: mitochondria with
different electron densities; MF: myofibrils (scale bar: 0.2
mm). C. Day fifth post-infection. Stars: mitochondria; IC:
intramuscular capillary; oval: long luminal endothelial
projection with swollen endothelial cell showing caveolae
and degenerated mitochondrion (scale bar: 0.5 mm). D. Day
seventh post-infection. Stars: groups of mitochondria; IC:
intramuscular capillary; RBC: red blood cell; MF: myofibrils;
SE: swollen endothelial cell with absence of caveolae and
pinocytic vesicles; arrows: luminal endothelial projections;
ovals: intermyofibrillar spaces lacking sarcotubular elements
(scale bar: 0.15 mm).
Figure 2. Change in the cardiac muscle during the infection’s
second week. A. Day ninth post-infection. MF: myofibrils;
oval: swollen tubules of the sarcotubular system; arrows:
luminal endothelial projections; stars: mitochondria (scale
bar: 0.2 mm). B. Day eleventh post-infection. MF: myofibrils;
IC: intramuscular capillary; RBC: red blood cell; MAC:
macrophage; asterisk: nucleus of the endothelial cell; MN:
myonucleus (scale bar: 0.15 mm). C. Day thirteenth post-
infection. Star: mitochondria; discontinuous arrow:
subsarcolemal space; MF: myofibrils; MN: myonucleus;
arrowheads: Rouge cells; IC: intramuscular capillary; arrows:
luminal endothelial projections; rectangle: altered
endothelial zone; T: trypanosome; TN: trypanosome nucleus;
circle: trypanosome flagellum (scale bar: 0.25 mm). D. Day
fifteenth post infection. MF: myofibrils; stars: mitochondria;
discontinuous arrow: widened subsarcolemal space;
arrowhead: Rouge cell; IC: intramuscular capillary; arrows:
luminal endothelial projections (scale bar: 0.25 mm).
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DISCUSION
The results clearly demonstrated ultrastructural
modifications in the muscular heart tissue, including
the heart capillaries, of mice experimentally infected
with a Venezuelan isolate of Trypanosoma evansi
derived from a feral domesticated Equus caballus. On
the other hand, no changes were evident in mice
inoculated with a parasite-free elution buffer (control).
The cumulative ultrastructural mitochondrial
degeneration is an associated characteristic of change
due to pathologies [6]. Keeping in mind that
mitochondria location is related to specific ATP-
requiring sites [41], and the products of mitochondrial
protein biosynthesis are hydrophobic proteins located
in the inner membrane, it is possible that the synthesis
of these proteins could occur on associated ribosomes
[18]. So, the close mitochondrion-ribosome
disposition is related to an increase in the protein
synthesis associated to an ample range of functions
and stress reactions to non-proper substances, as snake
venom [11], and as observed in our results, caused
by T. evansi. Such stressful conditions could cause
cardiac myocyte mitochondrial deterioration.
Moreover, the presence of polymorphic and variable
mitochondrial electron densities herein reported had
already been described in harmful conditions such
as rats under a food-restricted diet [26]. The variations
in mitochondrial size and number of cristae per
mitochondrion are features associated with changes
in the mitochondrial enzyme activity [37].
The characteristically muscular myofibrillar
disposition is an archetypal example of a form-function
relationship. In this work, the atrophy with progressive
volume reduction was put in evidence as a result of
myofibril loss. Similar results were reported in in vitro-
cultured mouse ventricular myocardial cells, where a
low ethanol dose decreased the volumetric proportion
of myofibrils [21]. Moreover, atrophy and myofribrillar
destruction in the heart of Crotalus envenomed mice
has also been described [11]. On the other hand, the
myofilament loss and the myofibrillar destruction
observed in our results could be explained by the
capillary damage in the heart’s vasculature. In such a
context, the overexpression of serum deprivation
protein response, unlike polymerase I, and transcript
release factor may have induced caveolae deformation
and extensive tubulation of the endothelial cell
membrane, as previously reported [10].
The micrographs showed intermyofibrillar
and subsarcolemal widened spaces, a clear indicator
of atrophy. In addition, swollen tubules in the cardiac
muscle sarcotubular system was also present. The
phenomenon was described in rheumatoid arthritis
[22] and in the skeletal musculature of natural [30]
and experimental [9] local Trypanosoma evansi
infections. Moreover, the lack of specificity of the
contractile and sarcotubular system modifications
have been described in Serinus canarius under ex-
perimental Plasmodium cathemerium stress [5] being
also characterized in diverse inflammatory
myopathologies [8]. In addition, similar degenerative
observations have been reported in the skeletal
muscle of mice experimentally poisoned with Crotalus
vegrandis venom [29].
Results showed atrophy probably due to
indirect ischemic and hypoxic mechanisms induced
by the parasite. Such hypothesis could also imply
that the action of parasitic toxins may cause
intramuscular microvasculature damage, hypoxia and
fibrillar atrophy, unlike results that have been reported
about horses experimentally infected with T. evansi
[13]. Then, in the absence of muscular invasion, in
addition to the lack of reports describing the cardiac
myocyte as a target tissue in the life cycle of this
trypanosomatid, the heart’s myodamage could be
additionally caused, as described in other pathologies,
by autoimmunity [36] and/or electrolytic unbalance
[3], probably induced by the trypanosome itself.
Endothelial cell damage was also evident in
our results. The observed heart modifications could
be indirectly due to the parasite since no trypomastigote
was observed inside any kind of cardiac or endothelial
cell. In the same context of distance damage, the
collateral effects of local T. evansi has been
demonstrated in the skeletal muscle of naturally infected
wild horses [30] and experimentally infected laboratory
mice [9]; no reports of any trypanosome located inside
the skeletal muscular cells are available, but
collectively, results from others gave an account of
the parasites in the muscular vasculature. These results
were consistent with ours.
The collateral vascular harm and hematic
element damage seen in mice experimentally infected
with Trypanosoma evansi were previously attributed
to the action of proteolytic enzymes secreted by the
parasite [33]. However, in such an indirect detrimental
setting, the inflicted heart vasculature change could
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CONCLUSION
Results from this study put in evidence
ultrastructural differences between controlled and
experimentally Trypanosoma evansi infected mice. The
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infected mice was patent by means of an associated
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